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The experimental level structure of 134Sb is compared with the results of a shell-model calculation
in which the two-body matrix elements of the effective interaction have been derived from the CD-
Bonn nucleon-nucleon potential. The experimental data, including the very low-lying first-excited
1− state, are remarkably well reproduced by the theory. The results of this paper complement those
of our previous studies on 135Sb and 134Sn, showing that our effective interaction is well suited
to describe 132Sn neighbors beyond N = 82. The various terms which contribute to the matrix
elements of the proton-neutron effective interaction are examined and their relative importance is
evidenced.
PACS numbers: 21.60.Cs, 21.30.Fe, 27.60.+j
The study of nuclei in the regions of shell closures off
stability is currently the subject of great interest, with
particular attention focused on the neighbors of doubly
magic 132Sn. A considerable effort has been recently
made to gain information on neutron-rich nuclei beyond
the N = 82 shell closure. The data which are becom-
ing available appear to be somewhat different from what
one might expect by extrapolating the existing results
for N < 82 nuclei. For instance, the first 2+ state in
134Sn lies at 726 keV excitation energy, which makes it
the lowest first-excited 2+ level observed in a semi-magic
even-even nucleus over the whole chart of nuclides. A sig-
nificant drop in the energy of the lowest-lying 5/2+ state
in 135Sb has been observed as compared to the values
measured for the Sb isotopes with N ≤ 82. In 134Sb, the
0− ground state and the first excited 1− state are nearly
degenerate, the latter lying at 13 keV. This situation is
similar to what occurs in 210Bi, which is the counterpart
of 134Sb in the lead region. In this case, the lowest mul-
tiplet, πh9/2νg9/2, shows a breakdown of the Nordheim
strong rule [1] in that the 1− state becomes the ground
state with the 0− state at about 50 keV excitation energy.
These new data might be seen as the onset of a mod-
ification in the shell structure, which, starting at N =
83− 84 , is expected to produce more evident effects for
larger neutron excess. As an example, a possible explana-
tion of the position of the 5/2+ state in 135Sb may reside
in a downshift of the d5/2 proton level relative to the g7/2
one caused by a more diffuse nuclear surface produced
by the two neutrons beyond the 82 shell closure. A shell-
model calculation using experimental single-particle (SP)
energies with the above downshift set at 300 keV and
a two-body effective interaction derived from a modern
nucleon-nucleon (NN) potential leads indeed to a good
description of 135Sb [2, 3]. However, while this Hamil-
tonian also provides a satisfactory agreement with ex-
periment for 134Sn [2] this is not the case for 134Sb [4].
Other shell-model calculations have been performed for
these three nuclei [5, 6, 7], making use of effective interac-
tions obtained through various different modifications of
an interaction [8] which was originally constructed for the
208Pb region starting from the Kuo-Herling matrix ele-
ments [9]. None of these calculations, however, is able to
account simultaneously for the peculiar features of 134Sn,
134Sb, and 135Sb.
In this context, therefore, it is quite a relevant question
whether there is a unique consistent Hamiltonian able to
do this and, in particular, whether it may be derived
from a realistic free NN potential. More precisely, using
SP energies taken from the experiment and a two-body
effective interaction derived from a modern NN poten-
tial, we would like to see how few-valence-particle nuclei
just above 132Sn are described so as to ascertain whether
effects beyond the standard shell model are really indis-
pensable.
Very recently we have studied 135Sb [10] and 134Sn [11]
within the framework of the shell model assuming 132Sn
as a closed core and taking as model space for the valence
proton and neutrons the five levels 0g7/2, 1d5/2, 1d3/2,
2s1/2 and 0h11/2 of the 50-82 shell and the six levels
0h9/2, 1f7/2, 1f5/2, 2p3/2, 2p1/2, and 0i13/2 of the 82-126
shell, respectively. The two-body effective interaction
has been derived by means of a Qˆ-box folded-diagrams
method [12] from the CD-Bonn NN potential [13], the
short-range repulsion of the latter being renormalized by
use of the low-momentum potential Vlow−k [14]. For pro-
tons, the Coulomb interaction has been added to Vlow−k.
As for the proton and neutron SP energies, they have
been taken from the experimental spectra of 133Sb and
133Sn, respectively, with the exception of the proton s1/2
and the neutron i13/2 levels which are still missing. The
values of ǫs1/2 and ǫi13/2 have been taken from Refs. [15]
and [16], respectively, where it is discussed how they are
determined. All the adopted values of the SP energies
2are reported in [10], to which we also refer for a brief
discussion of our derivation of the two-body effective in-
teraction.
Here we report on our study of 134Sb, which has been
performed using the same Hamiltonian as above. The
calculations have been carried out by using the OXBASH
shell-model code [17].
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FIG. 1: Proton-neutron pig7/2νf7/2 and pid5/2νf7/2 multiplets
in 134Sb. The theoretical results are represented by open cir-
cles while the experimental data by solid triangles.
We now present our results starting with the bind-
ing energy of the ground state. Our calculated value
is 12.85± 0.05 MeV, which compares very well with the
experimental one, 12.96± 0.05 MeV [18]. Note that the
error on the calculated value arises from the experimen-
tal errors on the proton and neutron separation energies
of 133Sb and 133Sn [19].
The calculated energies of the πg7/2νf7/2 and
πd5/2νf7/2 multiplets in
134Sb are reported in Fig. 1,
where they are compared with the experimental data
[4, 20]. The first eight calculated states arise from the
πg7/2νf7/2 configuration and have their experimental
counterpart in the eight lowest-lying experimental states.
The wave functions of these states are characterized by
very little configuration mixing, the percentage of the
leading component having a minimum value of 88% for
the Jpi = 2− state while ranging from 94% to 100% for
all other states. As for the πd5/2νf7/2 multiplet, we find
that the 1−, 2−, 4−, and 6− members correspond to the
yrare states, while both the other two, with Jpi = 3− and
5−, to the third excited state. In fact, the second 3− and
5− states, which are predicted at 1.42 and 1.46 MeV ex-
citation energy, belong to the πg7/2νp3/2 configuration.
As is shown in Fig. 1, only the 1− and 2− members of
the πd5/2νf7/2 multiplet are known. Actually, a (5
−)
state at 1.38 MeV has been observed which we identify,
however, with our second 5− state. As regards the struc-
ture of the states belonging to the πd5/2νf7/2 multiplet,
we find that all members receive significant contributions
from configurations other than the dominant one, their
percentage reaching even 50% in the case of the 2− state.
We see that the agreement between theory and experi-
ment is very good, the discrepancies being in the order of
a few tens of keV for most of the states. The largest dis-
crepancy occurs for the 7− state, which lies at about 130
keV above its experimental counterpart. It is an impor-
tant outcome of our calculation that we predict almost
the right spacing between the 0− ground state and first
excited 1− state. In fact, the latter has been observed at
13 keV excitation energy, our value being 53 keV. It is
worth mentioning that in the preliminary calculations of
Ref. [21] we overestimated the excitation energy of the
1− state by about 200 keV. Comments on this point can
be found in Ref. [10].
In the recent paper mentioned above, Ref. [4], calcu-
lations have been performed for 134Sb using an effective
interaction derived from the CD-Bonn-96 NN potential
by means of aG-matrix folded-diagrammethod including
diagrams up to third order [22]. From comparison with
experiment for the eight states of the πg7/2νf7/2 multi-
plet, an average deviation of about 150 keV was found,
and, in particular, the 1− state turned out to lie at 329
keV above the 0− ground state. As for the πd5/2νf7/2
multiplet, while the 2− state is overestimated by about
120 keV the discrepancy for the 1− state reaches about
380 keV. In the same paper, results are also presented
which have been obtained with different two-body matrix
elements, namely those of the KH208 [8] and KH5082
interactions [5]. Calculations for 134Sb with the latter
interaction were already performed in Ref. [7]. The au-
thors of [4] present the results of both calculations point-
ing out that they are in better agreement with the ex-
perimental data than those obtained with the CD-Bonn
interaction. On the other hand, they also draw attention
on the fact that for 135Sb the latter interaction does bet-
ter than the KH208 interaction (see Ref. [3] for details).
On these grounds, their conclusion [4] is that a consistent
Hamiltonian for the three nuclei 134Sn, 134Sb, and 135Sb
has yet to be found.
Our point of view is quite different. In fact, we have
shown here that our realistic effective interaction gives a
good description of 134Sb while the results presented in
Refs. [10, 11] evidence that it is also able to reproduce
the spectroscopic properties of 135Sb and 134Sn. In par-
ticular, in [10] we have reported the diagonal matrix ele-
ments of the proton-neutron effective interaction for the
πg7/2νf7/2 and πd5/2νf7/2 configurations and pointed
out their crucial role for the structure of the low-lying
5/2+ state in 135Sb. As for 134Sn, it is worth noting that
the results obtained in [11] are not significantly different
from those of [16, 23], where slightly different effective
interactions were employed.
In this context, it is interesting to try to understand
3what makes our proton-neutron matrix elements appro-
priate to the description of the multiplets in 134Sb, in par-
ticular the very small energy spacing between the 0− and
the 1− states. To this end, we have performed an analysis
of the various contributions to our effective interaction,
focusing attention on the πg7/2νf7/2 configuration. In
fact, in this case a direct relation can be established be-
tween the diagonal matrix elements and the behavior of
the multiplet, since its members are, as mentioned above,
almost pure. We start by reporting in Fig. 2 the behavior
of the diagonal matrix elements of the effective interac-
tion as a a function of J . We see, as expected, that the
pattern is quite similar to that of the corresponding mul-
tiplet in Fig. 1 and the matrix elements for the 0− and
the 1− states are almost equal.
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FIG. 2: Diagonal matrix elements of the two-body effective
interaction for the pig7/2νf7/2 configuration.
As mentioned above, our effective interaction is calcu-
lated within the framework of a Qˆ-box folded-diagram
method. In particular, the Qˆ box is composed of first-
and second-order diagrams in the Vlow−k derived from the
CD-Bonn potential. In other words, the matrix elements
of the effective interaction contain the Vlow−k plus addi-
tional terms which take into account core-polarization ef-
fects arising from 1p−1h (“bubble” diagram) and 2p−2h
excitations. They also include the so-called ladder dia-
grams, which must compensate for the excluded config-
urations above the chosen model space. We may point
out that the effective interaction is obtained by summing
the Qˆ-box folded-diagram series [24].
In Fig. 3 we show the πg7/2νf7/2 matrix elements of
the Vlow−k as a function of J together with the second-
order two-body contributions. From the inspection of
this figure we see that the incorrect behavior of the
Vlow−k matrix elements is “healed” by the V1p1h, V2p2h
and Vladder corrections. In particular it appears that a
crucial role is played by the bubble diagram, especially as
regards the position of the 1− state. In this connection,
we may mention that the effect of the bubble renormal-
ization on the 0− − 1− splitting was also pointed out in
Ref. [4] with regard to the Kuo-Herling interaction. It
is worth noting that in our calculations the folding pro-
cedure turns out to provide a common attenuation of all
matrix elements, which does not affect the overall behav-
ior of the multiplet.
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FIG. 3: Diagonal matrix elements of Vlow−k and contributions
from the two-body second-order diagrams for the pig7/2νf7/2
configuration. See text for comments.
To summarize, we have shown that our realistic shell-
model calculation for 134Sb leads to a very good agree-
ment with experiment for the πg7/2νf7/2 multiplet as well
as for the two observed members of the πd5/2νf7/2 mul-
tiplet. This outcome, when considered along with the
results we have obtained for 134Sn and 135Sb, evidences
the merit of our effective interaction in describing the
properties of 132Sn neighbors with neutrons beyond the
82 shell. We have also examined the various terms of
our effective interaction, in order to understand their rel-
ative importance in the resulting final matrix elements.
We have evidenced the importance of the renormaliza-
tions one has to introduce to account for the limited size
of the chosen model space, in particular those arising
from the 1p− 1h excitations. Based on these results, we
may conclude that to explain the presently available data
on neutron-rich nuclei beyond 132Sn there is no need to
invoke shell-structure modifications.
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